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THE RELATIONS BETWEE3? 
EXPERIMENT REQUIREMENTS, 
ENVIRONMENTS, AND 
SPACECRAFT DESIGN 
I n  t h i s  talk I s h a l l  t r y  t o  show some of the s teps  th ru  which an 
experiment passes from i t s  concept t o  the time tha t  it i s  ready f o r  
launch. These fac tors  w i l l  not be covered i n  d e t a i l ,  because many of 
then a re  subjects of other lectures ,  but t h e i r  r e l a t ion  t o  the design 
of the experiment and the smcecraf t  w i l l  be discussed. 
have a cen t r a l  point of focus t o  keep t h i s  discussion together, l e t  us 
assume a hypothetical bioloeicol experiment and follow i ts  p o g r e s s  
from the concept on the  experimenter's desk t o  t h e  flight-worthy 
experiment ready on the launch pad. 
In  order t o  
The first requirement f o r  the experiment i s  t o  have a concept of 
I n  order t o  understand be t t e r  the  e f f ec t s  something which must be done. 
of prolonged weightlessness on man, l e t  us propose t o  make an experi- 
mental f l i g h t  of three months duration with two squi r re l  monkeys a s  our 
test  subjects.  
comprehensive examination. 
suf f ic ien t  measurements or  observations t o  be able  t o  determine a t  what 
point or  a t  what rate during the f l i g h t  the f inal  observed changes may 
have occurred. 
environment as possible so tha t  a l l  observed changes may be ascribed t o  
the  weightless condition. For this reason, the subjects w i l l  be unre- 
s t ra ined and there  w i l l  be no implanted sensors used. Measurements of 
The monkeys w i l l  be recovered a t  the  end of this t i m e  f o r  
During f l i g h t  it w i l l  be necessary t o  make 
It i s  desired t o  keep the  subjects i n  a s  near normal 
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body temperature, electrocardiogram, and a b i l i t y  t o  perform tasks, 
together with te levis ion observation of the monkeys' a c t i v i t i e s  are 
considered adequate t o  use a s  general indicators  of t he  condition of 
the monkeys during the  f l i g h t .  
I 
Having established the concept of the  experiment, t h e  next thing 
I 
which must be done i s  t o  determine the  experiment requirements a s  l i s t e d  
i n  f igure  2. The first requirement i s  t h a t  t he  experiment be conducted 
i n  a zero gravity condition. The requirement of maintaining conditions 
as near normal a s  possible d i c t a t e s  t he  use of normal atmospheric 
pressure and normal atmospheric gas composition. We will es tab l i sh  t h e  
temperature range as 70 - 90°F, a r e l a t i v e  humidity i n  t h e  range of 
30 - 70$, and a maximum allowable concentration of carbon dioxide of 1$ 
i n  t h e  atmosphere. 
I 
I 
Certain other environmental conditions cannot be 
~ defined as readily - i l lumination i s  one of these.  I n  order t o  maintain 
the most nearly normal conditions f o r  t he  monkeys, we would have t o  
i l luminate on a l i g h t  and dark cycle f o r  24 hour periods.  
t e lev is ion  observation, it i s  far  more desirable  t o  have a constant 
l eve l  of illumination. This i s  one of the  areas  where a trade-off 
between convenience of operation and the  experimental e f f ec t  w i l l  have 
t o  be determined. Radiation presents a similar problem. W e  have two 
choices here. We may i n s t a l l  suf f ic ien t  rad ia t ion  shielding tha t  t he  
radiat ion dose received by the  monkeys during t h i s  th ree  month f l i g h t  
However, f o r  
I w i l l  be no higher than tha t  which i s  received on ear th .  O r ,  s ince t h i s  
f l i g h t  w i l l  not be a t  a l t i t udes  where high rad ia t ion  leve ls  a re  expected, 
it may be sufficient t o  monitor the  rad ia t ion  dose and take t h i s  i n to  
account i n  the f inal  evaluation of t he  experiment r e su l t s .  The 
- 3 -  
experimental requirements also include the measurements t h a t  must be 
taken. On the subjects,  w e  have determined that electrocardiogram, body 
temperature, t ask  performance a b i l i t y  and a c t i v i t y  observation by means 
of te lev is ion  w i l l  be adequate. We can meet our requirement of no 
implanted sensors if tie design the  task performance panel so t h a t ,  i n  
order t o  perfom the  task  and receive food, t he  monkeys w i l l  grasp two 
levers  and manipulate them. 
s t ruc ture  and used a s  electrodes t o  make the  electrocardiogram measure- 
ment. A thermistor sensor implanted i n  the  lever can a l so  determine 
the  body temperature of the  monkey. I n  addition t o  the  measurements 
on the subjects,  w e  a l so  have t o  make measurements on the environment. 
These would include, a s  a minimum, the atmospheric p?essure, tanperature,  
gas composition, and radiat ion level. 
The t w o  l eve r s  can be insulated f r D m  t he  
Having established the requirements of t he  experiment, w e  can then 
proceed t o  the  preliminary design. 
system functions which must be performed, as i n  f igure  3.  The environ- 
mental control  system w i l l  have the  functions of the  oxygen and nitrogen 
supply and control,  a i r  c i rculat ion,  temperature control, carbon dioxide 
control  and humidity control. The l i f e  support system w i l l  include food 
supply, water supply, and waste disposal. 
management, 
subjec ts  and on the  environment, data storage and f i n a l l y  telemetry. 
The te lev is ion  observation of t h e  monkeys' a c t i v i t y  during those 
i r r egu la r  in te rva ls  when the  spacecraft i s  passing over a receiving 
s t a t i o n  will be adequate, but t h e  task  performance data and electro-  
cardiograms which a r e  taken a t  regular in te rva ls  during the  f l i g h t  must 
F i r s t  of a l l  we have t o  define the  
The th i rd  area i s  that of data  
This w i l l  include the  measurements which a r e  taken on the  
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be stored u n t i l  a convenient time t o  transmit them t o  ear th .  The fourth 
system i s  that of e l e c t r i c  power supply. The requirements of our environ- 
mental control system, l i f e  support system, and data handling system w i l l  
determine the power l eve l  required and a sui table  system can be designed. 
An addi t ional  area i s  tha t  of a t t i t u d e  control  f o r  the spacecraft .  The 
a t t i t u d e  control i s  required i n  order t o  o r i en t  t h e  panels which receive 
so l a r  energy, and t o  or ien t  the  spacecraft  so tha t  the rad ia tor  i s  not 
looking a t  the  sun o r  a t  the  ear th ,  t o  which it could not r ad ia t e  i t s  
energy, but i s  looking out towards space. It i s  a l so  necessary t o  be able  
t o  or ien t  the spacecraft so t h a t  it can perform the  reentry operation. 
The next area i s  reentry and recovery systems. These w i l l  provide the  
necessary deceleration f o r  reentry from o r b i t ,  heat  shielding from 
reentry heating, and landing and recovery a ids .  The f i n a l  system i s  
the s t ructure  which includes t h e  pressure cabin f o r  the subjects and 
the framework f o r  supporting all of the  above systems. 
We now have t o  se lec t  the  par t icu lar  subsystems which w i l l  perform 
the system functions which we have described. We s h a l l  use the  environ- 
mental control system f o r  an example. 
d i f f e ren t  types of systems which could be used t o  perform t h i s  function. 
The first i s  the completely open system. 
gas from storage i s  metered out past  t he  test  subjects  and t h i s  gas, 
containing the carbon dioxide, water and any contaminants, i s  dumped 
overboard. 
take the  oxygen and nitrogen from storage,  adminster it t o  the chamber 
containing the  subjects,  and then r ec i r cu la t e  t h i s  gas, by means of a 
blower, through carbon dioxide removal and water removal subsystems. 
In  f igu re  4 w e  have shown three 
Here t h e  oxygen and nitrogen 
The second system, which i s  somewhat more complex, w i l l  
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Unused oxygen is  thus returned t o  the subjects f o r  reuse. 
of gas i n  the  system i s  vented overboard t o  get r i d  of contaminants. 
t h i rd  type of system that could be used is  the  completely closed system. 
I n  t h i s  the a i r  from the storage tank is  used t o  pressurize the c q a r t -  
ment where the subjects are kept. This a i r ,  however, i s  a l l  recirculated 
through a blower t o  the carbon dioxide, water, and contaminant removal 
subsystems and returned. I n  addition, the  carbon dioxide and water go 
through the oxygen recovery subsystem and the recovered oxygen is  returned 
t o  the  subjects '  cabin. 
of gas overboard. Some leakage w i l l  occw naturally,  however, and t h i s  
amount w i l l  be made up from the oxygen and nitrogen s tores .  
A ma11 amount 
The 
With t h i s  system there i s  no intent ional  dumping 
How do we se lec t  the optimum subsystems from these d i f fe ren t  c. 
poss ib i l i t i e s?  
bas i s  of unavai labi l i ty  within the required time, o r  on the bas i s  of 
excessive cost  or  power requirements, t h e  selection could be made on the 
bas i s  of minimum weight. 
the fixed hardware weight, the weight of the expendables consumed during the 
period of f l i g h t ,  and a proportional share of any auxiliary systems required. 
If a par t icu lar  system we a re  discussing uses half of the e l ec t r i ca l  power 
which i s  generated, t h i s  system would be charged with half of the e l ec t r i ca l  
power system weight. 
a heat re ject ion penalty would be a proportional share of the  weight 
of the  radiation surfaces and controls required f o r  re ject ing heat 
from the vehicle. 
of t h e i r  t o t a l  equivalent weight as shown i n  f igure 5 .  
system i s  the  simplest and it shows a very l o w  fixed weight. 
If none of these systems would have t o  be rejected on the 
The equivalent weight of a system is the sum of 
This i s  referred t o  a s  a power penalty. Similarly, 
"he various systems may be compared then on the basis  
The open type 
However, 
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it has the  highest  rate of expendable consumption of any of the systems. 
The semi-closed system is somewhat more complex and has a higher f ixed 
weight but t h e  r a t e  of consumption of expendables is considerably reduced 
a s  shown i n  the  f igure.  
complex, requires considerable power and therefore,  exhibi ts  a very high 
i n i t i a l  weight, but since the  consumption of expendable materials i s  
only t h a t  from normal leakage, the  cwve i s  very f l a t .  Therefore, it 
can be seen tha t  f o r  f l i g h t s  of any par t icu lar  duration one o r  t he  other  
of these systems will be optimum. 
t h e  completely open system i s  per fec t ly  adequate. For f l i g h t s  of longer 
duration, the least weight i s  shown by the  semi-closed system. Final ly ,  
for very long durations, the  completely closed regenerative system shows 
the  optimum t o t a l  equivalent weight. For our hypothetical  experiment, 
the oxygen consumption by these small monkeys i s  very low and, f o r  t he  
duration that we are discussing, t he  semi-closed system with reuse of 
oxygen and nitrogen after removal of t he  carbon dioxide and water i s  
optimum. I n  a similar way, the  par t icu lar  subsystems which will perform 
the  r e s t  of our  subsystem functions will be chosen. 
The t o t a l l y  closed system is very much more 
For t h e  very short  duration f l i g h t s  
After the systems have been chosen, t h e  next s tep i n  our process 
will be t o  make our preliminary weight estimates. 
I have chosen the  breakdown of t he  weights of t h e  environmental control  
system, as shown i n  figure 6. 
requirement of 18 pounds of gas. 
s t a t e ,  w e  may estimate a tank weight of 10 pounds and controls  a t  another 
10 pounds, o r  38 pounds t o t a l  f o r  t h i s  system. Similarly,  carbon dioxide 
removal by lithium hydroxide sorption w i l l  r equi re  1 5  pounds of l i thium 
For i l l u s t r a t i o n  here, 
For oxygen and nitrogen supply, we have a 
If w e  s t o r e  t h i s  gas i n  t h e  l iqu id  
. 
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hydroxide i n  an approximately 1 pound container, and w e  may proceed the 
, 
same way down the  weights required for  water removal, a i r  c i rculat ion,  
and waste removal. 
110 pounds f o r  theweight  of the  environmental control system. 
through the  rest of the  systems i n  the same manner, we can get the  estimated 
weights t h a t  a r e  shown on f igure 7. 
our preliminary estimate of weight for  the complete experimental spacecraft. 
\hen we sum up these weights, we f ind  approximately 
Proceeding 
The t o t a l  of these w e i g h t s  gives us 
Once the  weights have been determined, it i s  necessary t o  se lec t  a 
We have no booster which w i l l  put ou r  spacecraft i n t o  the  desired orb i t .  
requirement for  o rb i t  a l t i t ude  as  f a r  a s  the  experiment is  concerned 
with the  exception that w e  require a f l i g h t  duration of three months. 
For any given Spacecraft there is a maximum duration of o r b i t a l  f l i g h t  
before i t s  velocity decreases t o  the point t ha t  it w i l l  reenter the  ear th ' s  
atmosphere. 
a l t i t u d e  and the "ba l l i s t i c  coefficient" of the spacecraft, which depends 
on the  spacecrafts'weight t o  effect ive drag area ra t io .  
preliminary design, we may estimate a b a l l i s t i c  coeff ic ient  of 100, and 
the  r e l a t ion  between orb i t  a l t i t ude  and o rb i t  l i f e  time w i l l  be a s  shown 
This orb i t  "lifetime" is a function of the i n i t i a l  o rb i t  
Fran our 
on figure d. 
need an o r b i t  of approximately 142 naut ical  miles. 
requirement and our preliminary estimate of spacecraft weight, w e  can 
now se lec t  a potent ia l  booster. 
performance of several  boosters i n  terms of the a l t i t ude  of the c i rcu lar  
o r b i t  can be obtained with any given payload weight. 
curves a r e  those of two configurations of the Scout vehicle - a four 
stage sol id  f u e l  rocket. 
Our requirement of a 90 day f l i g h t  indicates that we w i l l  
With t h i s  o rb i t  
The curves shown i n  figure 9 show the 
The two lower 
The two upper curves a re  two of t h e  Delta 
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launch vehicle configurations. These a re  3 stage rockets using l iquid 
f u e l  rockets f o r  the f i rs t  two stages and the  same sol id  f u e l  rocket a s  
t he  Scout B f o r  the  f i n a l  stage.  
payload weight come out t o  a point t h a t  could be obtained by a Scout B 
configuration. It should be noted here tha t  t h i s  would not be a sound 
select ion in pract ice  since experience has shown tha t  the  weight of the 
f i n a l  spacecraft usually exceeds the  preliminary weight estimates by about 
20 percent, and a weight-growth margin should be included i n  the  weight 
estimates. 
t h i s  discussion and assume tha t  t h e  Scout B i s  a sui table  choice. 
O u r  requirements of o rb i t  a l t i t u d e  and 
However, l e t  us be optimistic a s  w e l l  a s  hypothetical i n  
Let us now look a t  the environment t o  which the  payload on the  
Scout B launch vehicle would be exposed. In  f igure  l l a ,  we see t h e  
acceleration a s  a function of time during t h e  f l i g h t .  
the  first stage motor produces an accelerat ion of t he  vehicle approxi- 
mately 5 times greater than the  normal ear th  gravi ty  (or  5 "g"). 
t he  first stage burns out,  the  second s tage is  igni ted a t  approximately 
75 seconds into the  f l i g h t ,  and produces a maximum accelerat ion of about 
8 "g". The thin3 stage produces a s t i l l  higher accelerat ion with a peak 
of about 9 "g". 
through a coast u n t i l  it reaches i t s  o r b i t a l  a l t i t u d e .  The four th  stage 
is ignited a t  t ha t  point and provides the  necessary veloci ty  t o  in se r t  
the  payload i n  i t s  c i r cu la r  o rb i t .  
payload experiences i s  during the  fourth s tage burn, and, f o r  the  par t icu lar  
payload and launch vehicle t ha t  w e  have assumed, would be approximately 
10 times normal gravi ty .  
The burning of 
As 
After the  burning of t he  t h i r d  stage,  t h e  vehicle goes 
The maximum accelerat ion t h a t  t he  
The e f f ec t  of t h i s  accelerat ion is t h a t  a l l  of 
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the  components of the spacecraft, including the monkeys themselves, a r e  
reacting on t h e i r  supports with a force of 10 times t h e i r  n o m 1  ear th  
weight. The s t ructure  must be designed t o  withstand these forces, and 
it w i l l  be necessary t o  determine whether special  supports w i l l  be 
necessary t o  protect the monkeys during t h i s  launch environment. 
During the  burning of the first two stages, the vehicle is being 
accelerated t o  a high velocity through the  atmosphere and aerodynamic 
heating a s  shown i n  the figure l l b  becomes qui te  important. This shows 
the  temperature a t  the "stagnation point", or  the maximum temperature 
on the nose of the vehicle, a s  a function of time during f l i g h t .  
curve was taken f o r  the maximum heating t ra jec tory  and i s  somewhat more 
severe than what we would encounter i n  the  par t icu lar  f l i g h t  which w e  
have chosen. 
a ture  and minimize the  heat coming into the payload compartment. 
lower l i ne  on t h i s  curve shows the temperature r i s e  in  the inside of 
the heat shield under f i e  point of maximum external temperature. We 
see that a t  the time when the outside of the heat shield is  over 800°, 
the inside has r i sen  from approximately 80° a t  launch t o  about looo. 
After the  second stage has burned and ju s t  before third stage igni t ion,  
the  heat shield i s  separated from the vehicle and discarded. 
point the vehicle i s  high enough that  aerodynamic heating is no longer 
a problem. 
o r b i t  l i m i t s  our payload weight, the dimensions of the heat shield 
l i m i t  the  volume and the re la t ive  dimensions we can have for  the payload. 
This 
The heat shield i s  designed t o  to l e ra t e  t h i s  high temper- 
The 
A t  t h i s  
Jus t  as the capabili ty of the booster t o  l i f t  weight in to  
- 10 - 
The th i rd  environment t o  which our payload i s  subjected i s  tha t  of 
spin during burning of the  fourth s tage motor, as shown i n  f igure  l l c .  
In  the  previous three stages the  vehicle was s tab i l ized  by means of 
a t t i t u d e  control motors, however, the four th  s tage is s t ab i l i zed  by 
spinning the vehicle around i t s  longitudinal axis a t  a f a i r l y  high rate 
t o  balance out t he  effect  of any th rus t  misalignments. 
r a t e  i s  determined by the accuracy required f o r  o rb i t  inject ion.  O u r  
pa r t i cu la r  payload would be spun up by means of four  small so l id  motors 
t o  a ro ta t iona l  speed of approximately 134 revolutions per minute. 
spin-up i s  accomplished i n  about 1-second of operation, creat ing a very 
high angular acceleration. 
from t h i s  violent acceleration and t h i s  could be accomplished by mounting 
the  cage about a pivot point so t h a t  it i s  free t o  turn  r e l a t i v e  t o  t h e  
spacecraft i t se l f .  When the  spacecraft i s  spun up i n  t h i s  maneuver, t h e  
cage w i l l  remain r e l a t ive ly  s t i l l  and j u s t  s t a r t  t o  spin slowly a s  f r i c t i o n  
i n  the  bearings imparts a torque t o  the  cage. 
has been completed, the spacecraft has been injected i n t o  o r b i t .  The 
spacecraft can then be de-spun and the  cage can be locked i n t o  i t s  
required posit ion r e l a t ive  t o  the  spacecraft .  
by means of the a t t i t u d e  control  motors of t h e  spacecraft ,  o r  by use of 
what i s  cal led a yo-yo de-spin system. 
momentum of the spacecraft i s  imparted t o  two weights which f l y  out on 
cables wrapped around the  spacecraft .  
provides a braking torque t o  the  spacecraft .  
stous, the  cables are released, and t h e  a t t i t u d e  cont ro l  system completes 
the  required s tab i l iza t ion .  
The minimm spin 
This 
It may be necessary t o  protect  t h e  tes t  subjects 
A f t e r  the  four th  stage burn 
The payload may be de-spun 
In  the yo-yo system, t h e  angular 
The tension i n  these  cables 
When t h e  spacecraft  ro ta t ion  
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The last environment introduced by the  launch vehicle i s  tha t  of 
vibration. During the  burning of the last stage, t he  longitudinal 
vibrations produced by the motor a r e  transmitted t o  the  payload. 
vibrations may be represented a s  shown i n  figure l3a.  A vibration leve l  
of approximately 
F'rom 50 t o  500 cycles per second approximately 
a r e  experienced, and from 500 t o  2000 cycles per second there  a r e  vibrations 
with approximately 
as being the instantaneous leve l  of the vibrations present with the  sharp 
var ia t ions i n  magnitude, however, t h i s  will be an envelope of the vibrations 
which a r e  produced and would represent the  probable maximum f o r  vibrations 
which would be experienced i n  the Wrt icu lar  frequency ranges. 
of vibration may be combatted by mounting very c r i t i c a l  components on 
spec ia l  vibration dampening mounts, and throughout the r e s t  of the space- 
c r a f t  by ensuring that the natural  frequency of the  structure does not 
f a l l  within a c r i t i c a l  vibration area. 
suspended on a beam. 
1000 cycles per second, we would have a possible vibration e f fec t  indicated 
i n  figure l3b. 
the  1000 cycles per second can produce accelerations of approximately 
These 
1 "g" ex is t s  between 20 and 50 cycles per second. 
4 "g" accelerations 
8 "g" level.  This curve i s  not t o  be interpreted 
The e f f ec t s  
L e t  us consider a simple weight 
If we assume tha t  t h i s  has a natural frequency of 
As we can see, vibrations near the natural  frequency of 
40 "g" on theweight .  If we redesign the  s t ructure  so tha t  t he  same 
weight i s  supported by two s t ru ts ,  each of which having the same cross- 
section as above, the natural  frequency of the system w i l l  be increased t o  
2800 cycles per second. 
vibrat ions and the maximum acceleration would be approximately 
This i s  outside of the  range of exciting 
16 "g" 
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a t  the  weight. 
uencies and the possible amDlifications that  may r e su l t  i n  the s t ructure ,  
i t  i s  necessary t o  design a l l  of our s t ructure  f o r  adequate strength a t  
these possibly high vibrat ion levels .  It i s  a l so  necessary t o  ensure tha t  
any  mounting screws o r  connectors a r e  adequately secured so tha t  they w i l l  
not become shaken loose by these vibrations.  
Taking i n t o  consideration the  range of exci t ing freq-  
Another s e t  of environmental conditions will be those encountered 
during reentry. Figure 1h shows two possible reentry p ro f i l e s .  The 
dotted l i n e  represents a l i f t i n g  type reentry where t h e  maneuver consis ts  
of a ser ies  of dips and climbs. This extends the  time of the  reentry,  and 
a s  can be seen i n  f igure 14b, reduces the  maximum deceleration from more 
than 5 "g" t o  l e s s  than 2 "e;" .  These accelerat ions a r e  l e s s  severe than 
those encountered during launch, but,  since they occur i n  a d i f f e ren t  
direct ion than the  launch accelerations,  the s t ruc tu ra l  design must be 
checked f o r  adequate strength during the reentry conditions. 
t h a t  we w i l l  se lec t  the l i f t i n g  reentry i n  order t o  minimize t h e  reentry 
stresses on the  monkeys a f t e r  t h e i r  period of weightlessness. 
L e t  us  assume 
A very severe environment i s  t h a t  of aerodynamic heating d u r i n g  
reentry.  A s  shown i n  f igure  l5a,  the surface of t h e  heat shield a t  the  
point of maximum heating reaches a temperature of 4000°F. 
temperatures require the  use of an ab la t ive  type of heat shield,  ra ther  
than the  insulated metal shield that was su i tab le  f o r  protect ion during 
launch. 
f igure 1%. 
or ig ina l  2*-inch thick heat shield remains. 
i n t e r io r  surface of the  heat shield rises t o  approximately 4000F by the  
t i m e  t he  reentry i s  complete. 
These high 
The ablation of the heat shield during reentry i s  shown i n  
A t  t h e  conclusion of t he  reentry,  only one-inch of the  
The temperature of the  
This w i l l  require the  incorporation of 
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an act ive cooling system f o r  control  of t he  temperature within the  
monkeys' compartment. 
So far w e  have discussed some of the conditions f o r  which we trould 
have t o  design concerning the act ive phases of the space f l i g h t .  Another 
area which must be taken in to  consideration i s  t h a t  of prelaunch require- 
ments. 
the s p c e c r a f t  u n t i l  t h e  ac tua l  launch i s  accomplished. While the  s;Dace- 
c r3 f t  and launch vehicle a r e  s i t t i n g  on the  launch pad, some of t h e  space- 
c r a f t  systems w i l l  not be operating. 
e l e c t r i c a l  power w i l l  be generated i n  t h i s  condition. No heat can be 
rejected from the  space rad ia tor ,  and, with the  normal atmospheric 
Dressure on the outside of the spacecraft, there  w i l l  be no vent i la t ion  
flow of gas from inside the cabin t o  the external  atmosphere. 
necessary, therefore,  t o  design ground support equipment and provide 
connections t o  the  spacecraft f o r  e l e c t r i c a l  power, f o r  vent i la t ion ,  
and f o r  cooling as long as  the  spacecraft remains on the  pad. Another 
f ac to r  vhich must be considered is  the e f f ec t  of any launch delay. 
might be due t o  weather conditions unfavorable f o r  launching or  due t o  
some mechanical malfunctions. For our ?ar t icu lar  experiment, it i s  not 
par t icu lar ly  c r i t i c a l  t h a t  t he  launch be accomylished within a specif ic  
t i m e  i n t e rva l  o r  "launch window" since w e  a r e  just going in to  ear th  o rb i t  
and a r e  not planning t o  accomplish a rendezvous with any other objects.  
Another point which would be c r i t i c a l  i n  some experiments would be the 
e f f e c t  of launch delay on the  s t a t e  of development of the  tes t  subjects, 
but  t h i s  i s  not a problem i n  our case e i the r .  The main e f f ec t  of launch 
delay on our  par t icu lar  experiment w i l l  be t ha t  we w i l l  have t o  be sure 
This covers the  time period from the  inser t ion  of the  subjects i n to  
If we use so la r  c e l l s  f o r  power, no 
It w i l l  be 
This 
t h a t  the  ground support equipment i s  designed t o  carry the  necessary loads 
fo r  whatever period of delay might reasonably be encountered. 
A t  t h i s  point w e  have established t h e  experiment requirements and 
environment f o r  our spacecraft and a re  ready t o  proceed i n t o  the detai led 
design. 
requirements, but w i l l  offer  a high probabi l i ty  of success. Ekperimen- 
t a t ion  i n  space has several  unique charac te r i s t ics .  The f i rs t  of these i s  
the inabi l i ty  t o  perform any maintenance on the spacecraft  once it  has l e f t  
the  launch pad and the  second i s  the high cost  of the  launch vehicle. The 
f a i l u r e  of a ten-cent r e s i s t o r  resu l t ing  i n  loss  of the experiment data  
may cost more than a mil l ion dol la rs .  
of the most important fac tors  throughout t he  design and manufacture of t h e  
spacecraft i s  the  necessity of producing R highly r e l i a b l e  device. 
design phase must include not only the  preparation of drawings and speci- 
f ica t ions ,  but a l so  the establishment of r e l i a b i l i t y  provisions and t e s t  
plans. 
and c r i t i c a l  f a i lu re  modes minimized by the  select ion of components of 
demonstrated s u i t a b i l i t y  f o r  the  appl icat ion and by providing redundant 
o r  "back-up" systems a s  needed. 
i s  e s sen t i a l  t o  maintain s t r ingent  controls t o  ensure t h a t  t he  i t e m  
produced meets a l l  of the requirements of t h e  design. 
of successf'ul design comes i n  the  tes t  program. 
performed during the  development phase and on t h e  f in i shed  hardware, 
verify that the design adequately f u l f i l l s  t h e  experiment requirements. 
These tests should include operation of the  spacecraft  i n  a themo- 
vacuum chamber with the  monkeys on-board t o  t e s t  a l l  systems i n  a normal 
We must produce a design which w i l l  not only s a t i s f y  these 
It i s  obvious, therefore,  t ha t  one 
The 
The ef fec ts  of failure of  each of the  components must be considered 
Throughout t h e  manufacturing phase it 
The ver i f ica t ion  
Functional tests,  
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operating environment. The thermo-vacuum chamber has l i qu id  nitrogen 
cooled surf'aces t o  which the spacecraft  can r ad ia t e  heat as it would 
t o  space and a rc  lamps t o  simulate solar energy. Qual i f ica t ion  t e s t s  
are performed on prototype components or  spacecraft  t o  prove t h a t  the 
design i s  adequate t o  survive the environment t o  which the  spacecraft  
w i l l  be subjected. These t e s t s  include, a s  a minimum, accelerat ion,  
vibrat ion,  and shock. 
about 5@ more severe than those expected i n  f l i g h t  t o  expose any 
The qual i f icat ion tests a r e  usually run a t  leve ls  
marginal areas  i n  the design. Items which have been exposed t o  these 
high qua l i f ica t ion  test leve ls  a r e  not used f o r  f l i g h t .  The f i n a l  s e t  
of t e s t s  a r e  t h e  f l i g h t  acceptance t e s t s .  These t e s t s ,  acceleration, 
vibrat ion,  e tc . ,  a r e  conducted a t  t h e  leve ls  ant ic ipated i n  f l i g h t  and 
serve t o  expose any f l a w s  i n  mater ia l  or  workmanship i n  the ac tua l  
f l i g h t  items. 
I have not t r i e d  t o  make any def in i t ion  of the  individual 
respons ib i l i ty  of the  experimenter or the  spacecraft designer i n  t h i s  
t a l k ,  but  ra ther  t o  attempt t o  point out the things tha t  must be done. 
Close contact and understanding is  essent ia l  t o  ensure t ha t  proposed 
solut ions t o  design problems are compatible w i t h  the  experiment, and 
conversely, t h a t  experiment requirements a r e  compatible with p rac t i ca l  
engineering design. 
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